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(57) Abstract: A motor producing a rectilinear drive force can simultaneously have the features of being small and light-weighted, 
excellent in accuracy, and having a large propulsion force. In a spiral -type linear motor (1), a rotator (3) and a stator (2) are both con- 
structed in a spiral shape. When both spirally shaped portions are combined with each other, the motor produces an axial propulsion 
{S| force as they spirally rotate. Forming both portions in a spiral shape can provide a large propulsion force equivalent to that available 
from a speed reducing gear. Further, a large propulsion force can be obtained by using a large area where the rotor and the stator 
face each other in an axial direction. 
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« $ ft*. 
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6W _ 2pqS 0 fio 

" (-Xg + £g + t m f(Xg + tg + £ m )' 



+ 2nfpi ((/?/; + en)(-xg + e 9 + e m ) 2 

-(/3I a + 0h)(x 9 +£g+e m ) 2 ) 
-n 2 a((I' a 2 +I' b 2 )(-Xg+e g + e m ) 2 



- (/. 2 + /»")(*, + e a + e m f) J (36) 

aw 

(37) 

t-F2E*lt«ll*t**». El E A 9 ** ( a - fi ) S 

5S (38) ~ (44) TliSnS. 
^ U = (-« + 0 + »)«,«, (38) 

= r^+jtmtz < 40 > 

= (p-S**. (41) 
*« = i£|^ <«> 
= ^ <«> 

— SS^,lHl!^O^@^t±0 1 5 £ 0 PiT©S (45) ~ (49) 
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*1 + F m + R gll $ ml + Rmll^ml = 0 • 
■Fi - F m + R gl2 $ m2 + -R m l2$m2 = 0 • 

-F x + R/i^i = 0 • 

$a + $ml + #m2 = *i 
~*2 " + -Rp2$2 + i*m2$2 = 0 • 



(45) 
(46) 
(47) 
(48) 
(49) 



CincfcD, MT<Dt£ (50) ~ (54) 

*1 = F1 I „ F1 ~i m I F1+Fm 



_ -2n(a - 0)(I a - I b )S 0 no 

-x g + e g + e m 



£n/*0 + (~Xg + tg)Hm 

+ n(a-20)(I a -I b ) flm ) 
Fi — F, 



((a - 20)B r e m 
(50) 



m 



$m2 = 



Rgll + Rm\\ 
= (<* - & ~ 0 )SoMBre m + n(Jg - I b )fl m ) 

ZmfM) + (~Xg + £g)fim 

(51) 

Fi +F m 



Rgl2 + Rml2 

= 09 ~ e)SoHo(B r i m + n(-I a + I b )fi m ) 

tmfMi + (~Xg + t g )lM m 



* 2 = 











-2n(a-0)(I a 


- h)SoiM, 


-Xg+£g 




F 2 +F m 




Rg2 + Rm2 




aS 0 fio(B r £ m - 


n(Ia + h)lim) 



(52) 



(53) 



5 



imMO + (~Xg + eg)Hm 



(54) 



i 
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£*ickD, mm^m^mnm i ,. i b x.xtmmmtt,nm i m =F m fc 

5£ (55) ~ (57) tl£„ 
$ a = -2pqn($i + $2) 

-^)(/g-/6)gQ^0 



= Apqn 



Ug + £g + £ m 

■SoM(a -6)BA m - n(ff/ ft + (q - jg)J 6 )/*mA 
^m^O + {-X g + £ g )fjLm J 

(55) 

$6 = 2pqn($x — $2) 



= 4pgn 



=3 



+ £g + £m 

_ SoM0B r em - n((a - £)/, + fffr)/^) \ 
Wo + (-s p + e g )fi m J 

(56) 

*m = 2pq(-$ ml + $ m2 + # 2 ) 

= 4pqSoM0B r e m - n(a - fl)(f a - J fe )^ m ) 

Wo + (-x s +4,W " ^ J 

5 ffi m <0 it & \z , *^IS©lI$um^ISolI$/i 0 {^t^ 

i-T^i:, (A) fc^5£a^x*;U*-te«TC>i$; (5 8), 

(59) T^StlS, 

Wo = J «*a+A*H-/m*m (5g) 



-x 9 + e g + e m 



-2n^^((a-0)/ a +^/ 6 ) 



+ n 2 o(J a 2 + / 6 2 ) ] (59] 



0 
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i^iciT, mm (b) ii^itsiiii^iK-ttPjiTo^ (6 

0 ), (61) T?3j£n&o 



^-z _ Ig$a + h$b + Im$m ^ 

2 



x 9 ^9 



_2n^^((a-tf)J a + ^/ 6 ) 
+ n 2 a('a 2 + /6 2 )] ................. (61) 



■ 



^ n«k (3 > f£C^ (A) ti« (B) fc^fr-Sfc^asix*;^- 

tt» .wt©5$ (62) -e^£n&. 



(-x g + e g + e m ){x a + e g + e m ) 
x ^ 2L ) (*, + £ ro ) 

2n ^r («« - J « + «»>(-*« + *l + «») 
+ ((a - + ei b )(x g + e g + e m )) 

+ (V + h 2 )(x g + e g + e m ))^ (62) 

i t- H l smx*;w*-w£^& x 8 1 mfcfi e tli 

& <hjt# f t h )Vi7 x £ C £ UTOjJ (63), 

(64) •v j tn j en&zn%>. 



WO 2004/042902 ■ PCT/JP2003/013646 

21 



, _ 9W_ _ 2pqSolM> 

dx 9 (-x fl +£ ff +£ m ) 2 (x ! , + £ i , + £ m ) 2 



+ 2n^=- («a - <?)r 0 + ei' b )(- Xg +e g + e m ) 2 

- ((a - 6)I a + 0I b ){x g +e g + £ m ) 2 ) 
- n 2 a((/i 2 + J' b 2 )(-x g +e 9 + e m f 

- (i a 2 + h 2 )(x g + e g + e m ffj (63) 

aw 

°\-x g + t g +e m x g + t g + i m ) 

(64) 

0 [mm], Ef^Hiil 0 [mm], ^t'^Il [mm], 
&&MG<DmtS2 [mm] tlfci^CMMaKTcDS (6 5) 

~ (74) TSesn^o 

£ p = 0.001 [mm] (65) 

£ m = 0.002[mm] (66) 

a = 7r/4[rad] (67) 

/? = 7r/6[rad] (68) 

S 0 = 0.03 2 - 0.005 2 [m 2 ] (69) 

A*o = A* m = 47r x 10~ 7 (70) 

Br = 1[T] (71) 

n = 20[\s\] (72) 

p = 2(mttm) (73) 

q = 5(mm (74) 
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£ £ ^ftx 8 =0 [mm] <D £ Z <DW.t> f <h h )V P x \t, £kT 

©5£ ( 7 5 ), ( 7 6 ) T-€-*l^*l^3 n*. 

f -81.4(/ a -/i)-1560(/ 6 -/J) 

+0.768(/a 2 + A 2 -/i 2 -/f) 

if -(a-P)<e<a-p 
-(122-1560)(/«-/;) 
+(61.1-1560)(/i,-/£) 
+0.768(/ a 2 - I a I b - 1'* + 7^/J) 
if a-0<9<0 

' -0.467(7* + /J) 

if - (a - 0) < 6 < a - 0 
0.467(/ a -/» + /£- ij) 

££>^&x g =0. 00 1 [mm] OitOiA f t h;^ r tt, 

^t<7)^: ( 7 7 ), ( 7 8 ) T^n^nScsns. 



r = < 



(76) 



/= < 



r = 



5470 - 183/ 0 - 35O0/ 6 + 45.8/£ + 87.50/J 
+1.73(/ 0 2 + 7 6 2 ) - 0.432(/f + if) 
if -(a-/3)<6<a-/3 
5470 - (275 - 35O0)/ a + (137 - 35O0)/ 6 
+(68.7 - 87.50)/; - (34.3612 - 87.50)/^ 
+1.73(/ 0 2 - J a I b ) - 0.432(/f - I' a I' b ) 
iiot-p<0<p 



0.35/J 



-0.77 6 

if -{a-p)<0<a-P 
0.7(/ a - I b ) + 0.35(7^ - I' b ) 
if a-P<O<0 



(77) 



(78) 



10 



ftfr^te x g = 0 [mm] Ctttt, @6f ©Iffi©I50**tI 
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^ ^ > L 4§ , 1-^t>^^^ x g = 1 [mm] OttB, 2 v 
W > bfcfliJ<Z)^C;Xa5(D©§|^5&t^ 0 , 5 7 4 0 CN] t>©©§| 
# # fg £ -T £ „ £©K3l:fcfc#T'&»oTE<E : ?*»±3tt*:fc8&fc 
»2 8. 5 [A] ^±0«m£8jE$ftttttk£ft£&V> o 

0. 5 [mm] SK±&$L b & V> «k -5 h y n — £ /B ^ « , 
©«^^fix g = 0. 0 0 0 5 [m] l:*^§t*f thJl/^rtt, 
10 £J.T <£> a$ ( 7 9 ), (8 0 ) -e^n-^nssns. 

' 2290 - 117J a - 2240/ fc + 59.8/^ + 1140/J 
+l.ll(/ a 2 + I b 2 ) - 0.564(£ 2 + I?) 
if - (a - /?) < 0 < a - /? 
2290 - (176 - 2240)/ o + (88.0 - 2240)/ 6 
+(89.8i c - \\4B)I' a - (44.9t d - 1140)/^ 
+l.ll(/ a 2 - I a I b ) - 0X64(1? - I'Jl) 
ifa-0<0<0 

(79) 

' -0.56/ 6 - 0.4/J 

if -{a-0)<O<a-0 
0.56(/ a - I b ) + 0A(I' a - I' b ) K * U) 
ifa-0<$<0 

i -gr > « SiE £ 1 5 . 2 [A]^±^-rct^ckD^±7&t-5Ttgt 

ift^J^^C«12 2 [N/A] £fcD,fcfc*»£&10 [A] «Eittf , 
1 2 0 0 [ N ] P;J:OAfi4t5a*5Tt5 ( 



r = < 



WO 2004/042902 PCT/JP2003/013646 

24 

usHj-r^o «8i^jgia£ r. &m<Dwmnm&*:nj£nv a , v b , 

fc86, ^ t © 5£ (si) ~ (8 4) -v^-^ n^>mm^m^.^^,±-r 
5 s 0 

V r a -*a = i2/a (81) 

V b -$ b = RI b (82) 

VJ - *i = H/i (83) 

V£ -'*J = i*Jj (84) 

«^©fc«6, M m = M o t L , 2 31©ltjgjg«# 

t-Moi^ttt, ^ (2 8), (29) (Dmm&mmnkft? « 

10 ^iiaQ, £*T©5£ ( 8 5 ), ( 8 6 ) T**nSBIjBjB***«* 

* So 



a 4pgn 2 a5 0 ^o ; 4pqnSo(0B r tm - naJ a ^ 0 ) . 
° -*,+4 + *m° (-*,+*, +4») 2 X< 

• (85) 

i __ 4pgn 2 ag 0 //o y 4pqnS o (0B r e m - ncclgfip) . 

b - Xg +e 9 + eJ b {- Xg +e a + e m y x * 

4pqn 2 B r e m S 0 a 

tg+tm 



—X Q + in + l % 



S & > t-noi^Cit j£ (5 5), (5 6) Opfl^^fpgi 

^rsji^tc.ko, PiTojj (8 7), (8 8) -egtsnzmmmm 

15 ^3^^^^. 



X 9 
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^ _ 4pgn 2 ct5o/io ^ 

4pqnS 0 ((a - 0)B r e m - naJaito) 

+ 4wna yfg (s?) 

— z fl + « 5 4- «m 
i _ 4pqn 2 aSotio s. _ 4pqnS Q (0B r £ m - naiaA*o) . 

* 6 ~ ~x g + e 9 + e m lb (-x 9 + e 9 + e m y x ° 

_ 4pqn 2 B T i m S 0 ^ ^ 

— <Bg "fr" 

±S;£ * t «> § t » fcm~F<£>5$; ( 8 9 ), ( 9 0 ) -eg 

s ns. hi 6tt, (89) nz>mm?jp\m*7ikv 

V a = A7 a + L/ a + ICjBto£ 0 + iTjf^ (89) 

. V b = RI b + LI b +K Ebx x g + K E be6 (90) 

fcfc'l/, L Umm^-i 9 >X, K Bax , K Eafl « A*B©^fjg«JE 

K Bbs , K Eb „ «B *B©itigmjBE5S§£T& 0 , PiTCS (91) 
~ (95) 

L = 4 Pqn 2 ag 0 /io ^ gi ^ 

— X ff + tg + £ m 

4pqnSo(PB r e m - nalgfio) 

(-Zg+ig+tm)* 

K i if -(a-P)<9<a-p 

Eax ~ 1 4pgngo((a - 6)B r e m - na/ a po) 

(-^+£ fl +£m) 2 
if a-fi<9 <P 

• 02) 

ii ~{a-P) <0<a- P 
K Eae ={ ApqrtBtnSo ifa _ /?< ^ </3 

Xg+eg+Bm P-V-P 

(93) 

KEbx ~ (-x 9 + e 9 + i m r (94) 
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* tc „ mm <b) ott iico^tfe^Ufcut, mmnmtite 

&>T<D?£ ( 9 6 ), ( 9 7 ) TigStlSo 

K =M'a + L'i'a + K' Bax x 9 + K' Ea0 e (96) 

Vi - M' h + L'i' b + K' Ebx x g + K' Bb0 6 (97) 

tcfch. L" , K' Eax , K ' E a9 , K' Eb5t , K' Bb ,tt«T©5«; (9 
8 ) ~ (10 2) TigStlS, 

L'=^i (98) 

Xg "f" ig "4* 



ApqnSo{pB r tm - naI a Ho) 



{x a + ig + t m y 

if -{<*-&) <B <a-P 
" Bax ~ ) 4pqnSo((a - 0)B r i m - na/ B /i 0 ) 

(xg + e g + e m )* 

iia-0<e<0 
(99) 



I 



-{ 



0 if - (a - 0) < 0 < a - /? 

x g T" Zg T *m 

(100) 



KBb * " + (101) 

Km$ ~ ~x 9 + e g + tm (102) 

10 mtl<DWmj£ ( 3 6 ), ( 6 3 ) fccfe^T, ft^^fix^H^ 

lTx g =0Otfc0Tiflbt5t, £*TC05£ (10 3) ~ (10 

6) Tisn^fiis^nsns. 
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_ Spqx g 0B r 2 e m 2 (e g + i m )So 

' (-Xg +e g + e m f{Xg +ig+ imf HO 

_ tpqnpBrimSo J 4pqn0B r e m S o J 

~~ i-x 9 + *m) 2 ° (-x g + e g + e m ) 2 b 

, 4pqn0B r e m S o T , , 4pqndB r t m S 0 r , 

+ (x a + t 9 + e m r a+ {x 9 + e 9 + t m r b (103) 

r=- h- ^ffi n •••• d04) 

— + «fl + <m Xg+Cg+ t m 

a- 0 <9 < 0 <Db% 

^ &PQXg0B r 2 £ m i (£ g + £ m )So 

~ (-xg + e 9 + e m ) 2 (x 9 +e g + e m ) 2 no 

_ Apqn(a-e)B r e m S 0 l _ 4pgnflB r l m So 
Apqnja - $)B r e m So Jt ApqnOB T e m So f , 

(x g + e g +e m ) 2 a (x 9 + e g +t m ) 2 6 

(105) 

r = 4pgnB r * m S 0 (-^r- + - jffjj; ) 
(106) 

0 7 ), ( 1 0 8 ) t*$n§. 

/ = /<>(*,) + K fa (x g ,0)I a + K fb (x g ,0)h 

+ K f fa (x gi O)I t a +K' fb (xg ) 0)I' b (107) 

r = Kta(x g ,0)I a + K tb (x g ,0)h 

+ K' ta (xg,6)I' a + K' ib (xg,e)I h (108) 



5 $ 6 \Z, KT©^ (109) ~ (113) T~&2n2> B 
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* = Fob,) + K(x a> 0)I 
tctZL, 



(109) 

(HO) 
(111) 



K{x 9 ,6) = 

[*>•<-. ...... 



\Kfo(* a ,0) K fb (x a ,9) K' fa (x g ,e) K' fb (x 9t 0)] 

*) K' tb (x g ,6)\ 



1 = 



ri a i 
h 

n 



(112) 
(113) 



zn^Q , PiToa (i i 4) -vmznzfflwm&&e> ti«. 
I = H(x 9l 9)(F*-F 0 ) (114) 

rcfcv. h (x,, e) «k (x B , e) <Dmumnm-v$> K) , &y 
©5* (lis) Tjeasstt*. 

H(x 9 ,0) =K(x g ,6)* 

= K(z 9} 0) T (K(z 3 ,O)K(x g) 6) T )-i (H5) 

fc*5, K (x g , 0) ©*&Wfc**j&rs*«n;i, £ 
f^Ul^tA^, *tS&««£S-3T^*. 5fc (1 14) 

0 > IS^Ji: Ml^ ©Jg^ffi f r $ ©ttftE I . *, I *, 
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I' a *. I' b * &#*e>£ JL 

^sgss^x/w^ji/MU^x^e-^Tna, * y ^ ^ ^ > £ m & 

(116) ~ (118) oi^lc^i^^tttTffi^SiaS. 

x = ^ ("«) 

y = rcos0 (117) 

z = rsin0 (118) 

p Cm] it tr £ t* 5 . uOtt, ftrO^TO^/H^Jl'ftMOi 
# t a n <f> (r) ttKT©^ (119) £ n&„ 

tan ^> = wr) = ^ (119) 

^•T^^6f©||^«, 01 8TS$tl, KTOS (12 0) T# 

zomm* 6 r xm-^T 6 r — o t-r t , jk* t © a£ (i 2 1) 
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10 



— # , 5£ (3 7), (6 4) Tjfca&fcb^^e, ±IB©(lIte^|B] 

* 3 o 

*t\ 55 (3 7), (64) T3ft«>& Ml/* tt, ^T©5£ (12 2) 
~ (12 4) T^-f^i^T^S. 



= T(x 9 ,d)(r 2 2 -r 1 2 ) 



(122) 
(123) 



T( Xg ,e) = 

-4nB r e m (-- 



h 



n 



AnBU 



Xg+tg+tm X g + e g + £ m 

if - (a - /?) < 0 < a - p 

\ + €p + iCp + £g + / 



) 



tia-0<0<l3 
(124) 

±Ej5J: DKTCS (1 2 5) T^-T £ tjfttT?**. 

8T = T(x gy 9) (( r + 5r) 2 -r 2 ) 

= T(x g> 9)(2r + Sr)6r (125) 

£*T<£>5£ (12 6) -emtStlZ. 



fit - St 
6 J* = ~ 



r 



(126) 
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<D®$kJ]U. SIT<D^ (1 2 7) 

^= lim ^ 
#r ~* *r-»o <5r 

*r-+0 * r 
= 2T(x g ,0) (127) 

S (121), (127) fcJ;DftT©a ( 1 2 8 ), (129) £ 



= r 9J -dr 



-£r(. f ,*)(i* a -ri») 



r -& (129) 



k 

2tt- 

commit, umttm <d mm & z. %> . -t & t> 

^«S(n 6) ©iua*wnw*»bfcT#sn*» &to^ (i 

3 0 ) o^gsC 



*.-(!)' 



0 (130) 
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K. , ^^f/^«7-^«}^$n^^T©^: (1 3 1) ^ £ *l & 

Xgf^Or (131) 

# <£> 7, / W ^ ;i/ M U - 7 - * T « > 0^^^^u/^^^> 

IhJ & ^ <Z> St S £ M ttS ^T<£>5£ (132) 7?^$n-5, 2f 

Mx g = f (132) 

KStbT, &5Eft;ffifiSr38 (1^^3.1^-^) oigfh^fr^ £ tT0Ji 
10 t5:^-cn. 

i^se^K^c^^-r^ ktos (133) -cigsn^. 

** = j^2-/ (133) 

£5£fcffi«S§ C B ( s ) \t, &,T<D&, (134) Idck 0 y ^« 

15 f = -C,(8)x g (134) 

35?^-fb^«s§ c 8 (s) owtmiz. Pimm. *«:7-f — F/ty * 

+ *^1f-;t, Hcofli|»fc£, «*fr^8s£jBJB"r* Eta*!?**. 
20 HI 9K*^T, M!>*S**38&«10WU Mi3 5£ ( 1 2 9 ) 

fcSrJv>T, fi# s h;i^ tfg^o genu (t*. f*) 

m# -m*i«&s§ i i ca^t s^, mti-mm&i& 

$ i i a , * /w ^ ;H!{ 'J ^ r ^ - * i £ ia * y > 
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v 7m* g sffl^T#fe f , ( Xg ) *jftunsn*. 

*ts»^«»Sl5l4, WIB^ (13 4) £ S 'CH* T £ ft 

mfc^omfcM o &m^. ft (114) izm^^xmm^^m (i a 
i b * i ' a * » i ' b *) mmmrn® i 2 

®8EfMffll& 12(t It* 1 l^6©*«tfB^ffl[ (I a 

*, i b *. i' a *. i' „•) n^>««E 

10 m ( I a , lb, I ' a , I'tO&fcS^ViT, PIttfP$frV> 
«BEffi (V a , V b , V a . V b ) ^^^-T^o OA-^13tt 
£cD«jEm^ffifc»^v>TS^l4 7&>£m:ft£@^^©#^iB§Uc#; 

& ift ti mm & <o ±& iz ®:n mm & £ m w- s . 
^t, &mmm%k\z-o\,*Tmwr 5. 

ttIiIfeft(:<fc-pT-t[;^j£$ni), I fc ^ o T , HI i|£ ^ © m |g :S 
20 £ fW f § c £ fc £ 0 , lelteToafe3tfl:B*W«i'r* C tsWT?**. 

Mm^om®.*:- * > h £ j its £ > hhet- icji»#g5Stt» 

&T©5£ (1 3 5) t^A6ti§, 

J0 = r (135) 

5* (116), (12 9) <DM%& R^Tft (13 5) 
26 £ <!:, £4 T © it td £ V> T , 
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Mx = / (136) 

4tt 2 

vtcffi^x, (13 6) (d 2 mmftmmtt mizMLx , - # 

5 H 2 1 ti£4fettlHtP£®:/n y £r HT& 9 , ^ 2 2 & § $1] #p CD 

* 1 6<£<i^^ 0 & g fr] fl? 1 6 tt, -ttitlt^tt x°»* tlil^^©® 

io «ijflp tr <k o J£ # © ^ £ 5fc 

§§1 0 IZAXTZ. 

16 

t @5t^© tf y ^ £ /Js $ < t 2> H t «k 0 , HSHJifte 



£ HI ± © f ij /B bT I g ft 
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ffi ^ (D ^ ffl 

1. * >bm t % & * >bm <n ft m \zmv tc z # /u tku t & m ?l & m 

5 a, 

SttArttfcEfiBaEtL, MEEKER* MfiBH^TfcfcfLTSli: 

/v ft \z ® & is ft & % m fa \z mm -r % ^ t z m t -? & , x/nw 

10 7iHiJz7€-^ 0 

2. MV&mfc=?\*. MB % & hftffi<D $ hmm \z%.y\m & 

U - T ^ - * . 

3. M!2@5t^«, m%&*QffiM<D e> -& ^ 4£ © M #J M K: S VMc 9 0 

15 s vtz2ffi<D^%u&ms5fa\zmm?z>z\ 

& > w^wiSffl^iJSfclHSccDXAW^^M'j— y ^ — ^ „ 

mm* a y h t mmmzmzmmrz c £ snitts, » 

20 
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